Station in the western Antarctic Peninsula that shows an increase in the rate of relative sea-level fall 23 from 3.0±1.2 mm/yr to 5.1±1.8 mm/yr during the late Holocene. Independent studies of the glacial 24 history of the region provide evidence of ice-sheet changes over similar time scales that may be driving 25 this change. When our RSL records are corrected for sea-surface height changes associated with glacial 26 isostatic adjustment (GIA), the rate of post-0.79 ka land uplift at Torgersen Island, 5.3±1.8 mm/yr, is 27 much higher than the rate of uplift recorded at a nearby GPS site at Palmer Station prior to the Larsen B 28 Holocene RSL data may not be an effective tool for constraining the size of the LGM ice sheet across 33 portions of the Antarctic Peninsula underlain by weaker mantle. Current global-scale GIA models are 34 unable to predict our observed changes in Late Holocene RSL. Complexities in Earth structure and 35 neoglacial history need to be taken into consideration in GIA models used for correcting modern 36 satellite-based observations of ice-mass loss. 37 38
Introduction 39
As early as Nichols (1960) , the nature of relative sea-level (RSL) change across Antarctica was 40 interpreted to reflect glacial isostatic adjustment (GIA) in response to the decay of the LGM ice sheets. 41
Initial attempts at fitting observations of RSL change to model predictions of GIA in Antarctica used a 42 relatively strong Earth rheology (Pallas et al., 1997; Zwartz et al., 1998; Bassett et al., 2007) . In addition, 43 many of these initial GIA studies assumed that the ice sheet experienced a continuous demise with few 44 if any readvances (and subsequent retreats) through the Holocene (e.g. ANT3, Nakada and Lambeck, 45
Evidence of late-Holocene advances and retreats within the western Antarctic Peninsula are 163 found both in the terrestrial and marine record. Terrestrial records of glacial/ice sheet changes near our 164 field site on Torgerson Island include observations of floral development on the rock-exposed headlands 165 near Palmer Station (Smith, 1982) AD limits (the ice has continued to retreat since 1977) within the last millennium (Smith, 1982) . The 169 remnants of what appeared to be moss overridden by the ice dated to 0.54 ka (0.67 ka to 0.32 ka) 170 suggesting the ice advanced sometime after this date (average of 3 ages recalibrated from Smith, 1982) . Bellingshausen Sea (Fig. 1) . 207
Although Torgersen Island is located on the Bellingshausen Sea, the region is only separated 208 from the Weddell Sea and the former location of the Larsen B Ice Shelf by a narrow spine of mountains 209 comprising the northern Antarctic Peninsula (Fig. 1 ). As such it is located less than 100 km from the 210 former Larsen B Ice Shelf and within the influence of increased uplift rate due to ice flow acceleration 211 following the recent demise of the ice shelf (Thomas et al., 2011; Nield et al., 2014) . 212
Methods 213

Basics of OSL dating 214
Optically stimulated luminescence (OSL) dating determines the last exposure of mineral grains 215 to sunlight. The age range is from recent decades to 200,000 years ago with an age-uncertainty of 5-216 10%. New methodologies promise an extension of the upper age limit to 1 million years (e.g. Porat and from cosmic rays -ionizes atoms within silicate minerals like quartz and feldspar. The freed 221 electrons become trapped at light sensitive crystal defects. When exposed to sunlight, the electrons are 222 released from the traps. In returning to their original states they emit luminescence and the mineral is 223 reset. Upon burial trapped electrons accumulate again, and their number is proportional to the burial 224 time and the radiation exposure, often termed the "dose". The rate of irradiation, the "dose rate," can 225 be calculated from the cosmic flux as well as the U, Th, and 40 K concentrations of the surrounding 226 materials. The OSL signal is proportional to the dose and can be measured by exposing the mineral to 227 light in a controlled setting. An age since burial can be determined by dividing the dose by the dose rate. 228
The lower age limit of the methodology is determined by the smallest measurable signal. 
OSL Ages 247
In the laboratory the outside 1 mm of the undersides of the cobbles was isolated using a Buehler 248
Isomet 1000 precision saw. These thin rock slices were crushed lightly using a ceramic mortar and 249 pestle to disaggregate the constituent mineral crystals ( (2015). The extracted quartz was dim and aliquots were considered to be reliable if their recuperation 265 was <10%, recycling ratios <20%, and dose deviation <25%. We used the common age model (Galbraith 266 et al., 1999) for final age determinations. 267
GIA Modeling 268
Relative sea-level change is not only a function of vertical land motion (as measured by GPS) but 269 also a function of changes in the height of the sea surface. We used a global GIA model to estimate the 270 change in sea surface height (SSH) attributed to changes in water volume and the gravitational 271 components of GIA in order to isolate what portion of the RSL signal was due to local land motion 272 assumed to be controlled by ice mass changes, without explicitly modelling those ice-mass changes. The 273 sensitivity of the SSH signal to local ice-mass change is discussed below. Sea surface heights can also be 274 influenced by steric (water-temperature) changes and wind-driven stresses. However, as steric and Biscoe Point at elevations of 0.5 m and ~2.0 m, respectively, contained no natural dose, suggesting 314 recent exposure and a "zero" age for the modern beach (Table 1) . Two ages were obtained from the 315
Torgersen Island beach at 7.2 m (Table 1) . These ages are 1480 and 2180 years with 2-sigma errors of 316 200 and 680 years, respectively. Although they fall within error of one another, the age with the largest 317 error bar, due to high aliquot measurement scatter (i.e. overdispersion), is older by 700 years. We 318 therefore use a weighted mean based on their errors (Taylor, 1997) to determine an age of 1540±190 319 years for our RSL calculations. The single age from the 5.0 m beach ridge on Torgersen Island was 790 320 years with a 2-sigma error of 180 years. 321
Rates of Holocene Sea-Level Change 322
The two beach ridges from Torgersen Island have the same geomorphic expression -low 323 amplitude ridge fronting a broad depositional flat bench (Fig. 2) (Table 2) . 339
We were not able to survey the elevation of the modern beach on Torgersen at the time of our 340 OSL collection. However, a recent topographic survey and published map places the modern beach at 341 around 1 m and well below 2 m (Lorenz and Harris, 2014). In addition, we did survey the elevations of 342 modern beaches on nearby Litchfield Island and Biscoe Point, both of which produced OSL ages of 0 or 343 modern (Table 1 ). The modern beach on Litchfield Island is found at an elevation of 0.5 m (Table 1) rates for several millennia (Fig. 5) , reflecting the influence of meltwater input from the decaying 371 northern hemisphere ice sheets at this time. However, during the late Holocene, rates of GIA-induced 372 sea-surface height change are predicted to have been minor in comparison to the rates of RSL fall over 373 the same period and were never greater than 0.5 mm/yr over the last 2.5 ka (Table 2, Fig. 5 ). Predictions 374 for sea-surface height changes vary little across the Antarctica Peninsula (not shown) and thus variations 375 in the rate of RSL fall largely reflect differences in the rate of solid earth deformation. 376
Discussion 377
Changes in Holocene Rates of RSL Fall 378
Although the rates of RSL fall derived from the 7. 
